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© PofypepUdes and derivatives thereof as well as their use In pharmaceutical and diagnostic 
compositions* 

© A polypeptide having amino acid sequence 172-192 of a Mycobacterium bovis BCG 64 kD polypeptide, said 
sequetwe having the fonnula 



0> 



172 180! 188 192 
VITVEESNTFCLQLELTZGMR 



CM 
CO 



«s wen as polypeptides derived therefrom, in the amino acid sequence of which sequence 172-179 and/or 
Squem? JS^2 >s (are) entirely or partially absent were found to be useful as immunogens .nduc.ng 
O resistance to auto-immune arthritis and similar autoimmune diseases. 

-fSe inTentiw. relates to these polypeptides, to polypeptides showing sequential homology with these 
fcpolySptir.tJt^ derivatives and mulLers thereof. Also, microorganisms expressing the polypepfdes e.ther 
aa such or as oart of a fusion protein or as a muttimer form part of the invention. , . 

- ^S«ry. me^nSon relates to pharmaceutical compositions, diagnostic compositions and test k.ts compns- 
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PolypaptWat and derivatives thereof as well as their use In pharmaceutical and dlagnoatlc compoal 



tlona. 



The present invention relates to polypeptides and derivatives thereof suitable for aiievtauon. treatment 
and diagnosis of autoimmune diseases, especially arthritic conditions. Further, the Invention relates to 
pharmaceutical and diagnostic compositions comprising these compounds, and to test Wts for performing 
immunological tests, 
s ' 

Baclcground of ttje invention 

Millions' of persons are afflicted with chronic fom>s of arthritis which are thought to involve auto- 
to immunity to constituents of the joints or connecting tissues of the body. These conditions include 
rheumatoid arthritis, ankylosing spondylitis, Reiter's syndrome and other forms of reactive arthntis. The . 
etiology of these diseases is not known, but previous infection with various microbes seems » act M an 
inciting circumstance in genetically susceptible individuals. For example, patients with rheumatoid arthntis 
may show unusual reactivity to mycobacterial antigens, and immunisation with the BCQ strain of rnycobac- 
>s teria was found to lead to arthritis inIS of 150 individuals. Ankylosing spondylitis has been associrted wrth 
infection by Klebsiella or Yersinia species of bacteria and other cases of arthritis by Salmonella. Shigella, 
etc There is no eviden ce 'SractiTe infection of joints by these microbes in the vast majority of cases and it 
has been postulated that microbial infection may trigger an apparent auto-immune response of the 
individual against his own antigens present in the joints. Adjuvant arthritis (AA) is an experimental model of 
so arthritis inducible by immunizing susceptible strains of rats to Mycobacteria . The disease which develops 
about twelve days after immunisation has many of the features of rheumatoid arthritis and AA has been 
considered to be a model of rheumatoid arthritis. 
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EP-A-0 181 364 discloses aqueous acetone soluble and insoluble fractions of certain mycobactena. 
such as ivlycobacterium H.37. 1^. kansasii and M. vaecae. The soluble fraction of Myc. H-37 was found to 
provoke an immune resp onse iSidiJ^gw^sistai^SS to adjuvant arthritis. The insoluble fraction seemed to be 
responsible for the induction of adjuvant arthritis. Mycobacterium vaccae was shown to be substantially free 
of adjuvant arthritis inducing components. Further. EP-A 0 181 364 describes certain lines and clones of T- 
lymphocytes selected for their reactivity to mycobacteria. These lines and clones can be used for producing 
arthritis upon inoculation into irradiated rats. One of the lines, designated as A2 was found to induce arthntis 
upon intraveneous injection into irradiated rats. The same line. A2. is effective in vaccinating umiradiated 
rats against subsequent auto-immiine arthritis induced by active immunization to mycobactena. Cell line A2 
has been cloned. There were obtained two distinct clones, designated as A2b and A2c. respectively. A2b 
causes arthritis but does not vaccinate against it clone A2c does not cause arthritis but vaccinates against 
it. in addition to preventing arthritis, clone A2c can be used to treat AA. Moreover, clones A2b and A2c can 
be used to identify antigens associated with arthritogenicity or with suppression of arthritogenicity. Both 
40 clones respond to whole mycobacteria as well as to cartilage proteoglycan protein. 

It is stated in European patent application 87 201691.0 (Publication Nr. 0 262 710) filed September 7. 
1987 that a polypeptide having a molecular mass of about 64 kD. tt.e preparation of which is descnbed in 
Infection and Immunity 1985. pages 800-806. is useful as an immunogen intiucing resistance agair.rt auto- 
immune arthritis and similar auto-immune diseases. 
4s In the abovementioned article the peptide in question is called antigen A and this designation will be 
used here as well. According to the article antigen A was obtained by constructing a gene bank of 
Mycobacterium bovis BCQ DNA in Escherichia con by cloning Sau3A-cleaved mycobactenum OHA 
fragments Into thTIambda vector EMBU. The e>5?ission of mycobacterial antigens was analyzed by 
Western Blotting with hyperimmune rabbit sera. The article states that among 770 clones tested, several 
50 were found that produced various mycobacterial antigens in low amounts, with concentrations generally 
close to the detection limit. One particular clone was chosen for further investigation. This clone produced a 
64 kD antigen. By placing the lambda promoter Pu in front of the structural gene of this antigen, an 
overproducing E.coli strain was obtained. The article shows that antigens cross-reacttng witti the 64 kO 
.protein are preslntTn a wid variety of mycobacteria and also in so<alled purified protein derivatives which 
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are routinely used for skin testa. Finally, it Is stated In the article that preliminary experiments Indicate the 
presence of antibodies against the 64 kO antigen in sera from tuberculosis patients. 

European patent application 0 262 710 also describes the amino acid sequence of antigen A: 
1 tMAKTlAYDEE ARRGLERQIJJ ALADAVKVTL QPKGRNWLE KKWQAPTITN DGVSIAKEIE 
61 LEDPYEKIQA ELVKEVAKKT ODVAQOGTTT ATVLAQALVR EQLRNVAAGA NPLGUKRQIE 
121 KAVEKVTETL LKQAKEVETK EQIAATAAIS AGDQSIQDLI AEASflOKVGNE GVITVEESNT 
181 FGLQLELTEQ MRFOKQYISQ YFVTDPERQE AVLEOPYIU. VSSKVSTVKD LLPLLEKVIG 
241 AGKPLUIAE DVEGEALSTL WNKIRQTFK SVAVKAPQFQ DRRKAMLQDM AILTGQQVIS 
301 EEVGLUENA OLSUGKARK WVTKDETTI VEQAGDTDAI AQRVAQIRQE lENSOSDYDR 
361 EKLQERLAKL AGGVAV1KAG AATEVELKER KHRIEDAVRN AKAAVEEGIV AGQGVTLLQA 
421 APTLDELKUE QDEATGANIV KVALEAPLKQ lAFNSGLEPQ WAEKVRNLP AGHGLNAQTG 
481 VYEDLLAAGV AOPVKVTRSA LQNAASIAGL FLTTEAWAO KPEKEKASVP GGQOK^QGMOF 

In this specification the amino acid residues are designated by means of the following letters: 



A 


alanine 


1 


isoieucine 


R 


arginine 


C 


cystine 


K 


lysine 


S 


serine 


0 


aspartic acid 


L 


leucine 


T 


threonine 


E 


glutamic acid 


M 


methionine 


V 


valine 


F 


phenyl alanine 


N 


asparagine 


w 


tryptophane 


G 


glycine 


P 


proline 


Y 


tyrosine 


H 


histidine 


Q 


glutamine 







. ft is further stated in European patent application 0 262 710 that antigen A cross-reacts serologically 
with antigens present in other bacterial species. This shows that epitopes present on antigen A are similarly 
present on equivalent proteins of various bacterial species, such as Mycobacterium , Escherichia , 
Treponema . Shigella, Salmonella . Yersinia . Nocardia . Campylobacter and Klebsiella . For example, it has 
been shown that the amino acid sequence of antigen A shows a very strong homology with the amino acid 
sequence of a protein from Mycobacterium leprae which is disclosed in Proc.Natl.Acad.Sci.USA 83 pages 
7013-7017 (1986). For example, the amino acid sequence 134-205 of antigen A is identically present in the 
abovementioned 65 kD protein of M. leprae . 

Further. European patent appiicatiofro'262 710 shows that antigen A itself is not arthritogenic. but can 
protect rats against arthritis induced by M. tuberculosis . 

Rnaily. European patent application 0 262 710 describes the use of the T-cell clones A2b and A2c 
disclosed in EP-A-0 181 364 for the identification of antigens associated with arthritogenicity or with 
suppression of arthrttogenicity. Both ciones respond to whole mycobacteria, as well as to antigen A. For 
further localization of the epitope which is responsible for the stimulating activity of antigen A on the T-cell 
clones fragments of antigen A were investigated. These fragments were truncated derivatives produced by 
deletion mutants of the gene, and further fusion proteins with ^-galactosidase. and synthetically prepared 
peptides. This investigation showed that the epitope responsible for the stimulation of the T^ell clones 
resides in antigen A amino acid sequence 171-240. European patent application 0 262 710 relates, among 
others, to polypeptides showing sequential homology with the polypeptide having antigen A amino acid 
sequence 171-240, which homology is such that the polypeptides are composed of 4-70 amino acid 
residues, and that in the amino acid sequence at least 4 amino acid residues are in the same relative 
position as the same amino acid residues are in the polypeptide having antigen A amino acid sequence 
171-240. One of the polypeptides recognized by the T-cell clones A2b and A2c had antigen A amino acid 
sequence 180-196. 



Description of the invention 

Further research resulted in a still more precise definition of the antigen A epitope recognized by T-cell 
clones A2b and A2c. Polypeptides wer prepared by means of known solid phase techniques and these 
polypeptides were tested for their stimulating activity on the T-cell clones. The results are shown in the 
figure. The concentration of the peptides in the stimulation test was always 1 ug/ml. The proliferative 
reactions were measured by cultivating tiie T-cefls (2 x 10* per well) during 4 days in. the presence of 
irradiated (1500 R) syngeneic thymocytes (2x10* per well) as auxiliary cells, and then reacting the cells 
with 3H-thymidin during 16 hours. The number of counts per minute (cpm) for the thymidin uptake was 
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.^•^ measured in triplicate and was divided by the mean result of control tests without antigen carried out In 
triplicate. The mean values of the ratios so found are given as stimulation index (SI t standard deviation) SI 
■ cpm test divided by cpm control without antigen. The culture medium was DuIbecco*s Modified Eagles 
Medium (Gibco) supplemented with 1 % rat serum, 5 x 10-5 M 2-mercapto^thanol, 2 mM glutamine, 100 
units/ml peniciliine and 100 ug/ml Streptomycine, In the same way heat-killed M. tuberculosis bacteria 
(H37Ra. Difco) were tested (Mt), 

As the figure shows, the polypeptides having sequences 153-171, 185-196. 190-200 and 197.218 do 
not react, and the peptide having sequence 183-196 shows a slight reaction. The polypeptides having 
sequences 174-192. 180-196 and 160-188 are reactive, 
m- It may be derived from these data that the epitope recognized by T-cell clones A2b and A2c resides in 
antigen A sequence 172-192. with sequence 180-188 as the most essential part 

tt is interesting to notice that the amino acid sequence of a proteoglycan protein of cartilage (published 
In J.BioLChem. 261. pages 3519-3535 (1988)) which proteoglycan proteinis also recognized by T<ell 
clones A2b and A2c. shows homology with antigen A sequence 160-188. A st'll stronger homology is shown 
rs by the sequence of an antigen from Epstein-Barr virus (Nature 310. pages j207.21 1 (1984)) which vims has 
been suggested to be related to the initiation of rheumatoid arthritis (J.CIin.lnvest. 65. pages 1238-1242 
(1980)). T-cell clone A2b responds to the polypeptide having this homologous sequence. Further, the 
sequence of HLA-DQ3 (J.Immunol. 139, pages 3506-3511 (1987)). which leucocyte antigen is mainly 
present in arthritis patients (The Lancet ii, pages 1118-1120 (1987)) also shows homology with antigen A 
20 sequence 180-188. Finally, the amino acid sequence of human lamin A and C (Nature 319. pages 463-468 
(1986) and PNAS 83; pages 6450-6454 (1986)) shows homology with antigen A sequence 180-188. Lamin A 
and tamin C are parts of the nuclear envelope of human cells, an<J are related to intermediate filament 
proteins. The T-cel! clones react positively to this homologous structure. These homologies may be- 
illustrated as follows: 

180 188 

TFGLQLELT Antigen A and M. leprae 65 kD 

TAVV ALELQ cartilage proteoglycan protein 

TFGLQP QDT Epsteln-Barr-vlrus antigen 

RHN YQLELR HU-DQ3 

RA RLQLELS Lamin A and C 
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The invention relates to the polypeptide having antigen A amino acid sequence 172-192 having the 
formula 



^- 172 180 188 192 

VITVEESNfFCLQLELTEGMR 

as well *as to polypeptides derived therefrom, in the amino acid sequence of which sequence 172-179 
45 and/or sequence 189-192 is (are) entirely or partially absent. 

When sequence 172-179 and/or sequence 189-192 is (are) partially chsent the part- oi sequer.res 172- 
179 and 189-192 which are present in the polypeptide have the same amino acid sequence as ir. fhe 
abovementioned formula of the polypeptide having antigen A s^iquence 172-192. 

Also, the invention relates to polypeptides showing sequential homology with the above defined 
sa polypeptides, In this specification, polypeptides showing sequential homology are considered to be 
polypeptides composed of 4-21 amino acid residues, at least 4 of which are in the same relative position as 
in the polypeptide having antigen A amino acid sequence 172-192 or in the polypeptides derived therefrom 
and having a shorter sequence, as defined above. 

More particularly, the invention relates to th polypeptide having antigen A sequence 180-188 and to 
55 the polypeptides showing sequential homology therewith; for example to the abovementioned polypeptides 
having sequences TAWVALELQ, TFGLQPQDT, RHNYQLELR and RARLQLELS. 

Although the T-cell clones A2b and A2c respond to ail of th above defined polypeptides, the 
antigenicity and the immunogenicity of the polypeptides may be enhanced by coupling thereto at least one 
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radical capable of improving the presentation of the antigenic determinants of the polypeptides. Suchs 
radicals- are known in the art. and comprise, for example, radicals of peptides, tetanus toxoid, diphtheria 
toxoid, iJ-galactosidase and microbial outer membrane proteins. Muitimers of the polypeptides in question 
are also contemplated. These modified polypeptides also form part of the invention. 

All of the polypeptides according to the invention, viz. the polypeptide having antigen A amino acid 
sequence 172-19i the polypeptides derived therefrom and having an amino acid sequence in which 
sequence 172-179 and/or sequence 189-192 is (are) entirely or partially absent, the polypeptides showing 
sequential homology with said polypeptides, as well as the above defined modified peptides Including the 
muftimers, may be used as immunogens In pharmaceutical compositions, especially vaccines for the 
alleviation and the treatment of auto-immune diseases, especially arthritic conditions, and also as antigens 
in diagnostic compositions for the diagnosis of these diseases. These phannaceuticai and diagnostic 
compositions which may be prepared in a way known in the art, aiso form part of the invention. The activity 
of the above-defined modified peptides according to the invention is illustrated by the following experi- 
ments. 

Protection against Induction of adjuvant arthritis (AA) with Mycobacterium tuberculosis (Mt) was tested 
in rats. The immunogen was antigen A amino acid sequence 177-188 coupled to bovine serum albumin 
(BSA) by means of the well-known glutaraldehyde technique. Groups of five rats were given intraperitoneal- 
ly BSA aione, lOOug of the 177-188-BSA conjugate and SOOug of the conjugate, respectively, in incomplete 
Freund's adjuvant The BSA was given in a dose equivalent to the BSA content of SOOug of 177-1 88-BSA. 
Seven days later, AA was induced in the rats by intracutaneous immunization with 1 mg of Mt suspended in 
0.1 ml of mineral oil. Arthritis scores were determined by daiiy inspection of the joints with confirmation by 
histological examination at the end of the experiment. The results are shown in the following Table 1. 

TABLE 1 



Pre-immunization at day-7 with 177-188 


conjugated to BSA protects against AA 


Day 


Mean arthritic score (n « 5) after 


preimmunization with 




BSA alone 


177-188 BSA 






lOOug 


SOOug 


11 


0 


0 


0 


15 


4.0 


1.5 


0 


19 


7.0 


2.3 


1.0 


25 


2.3 


2.8 


1.1 


32 


1.7 


1.8 


0.8 



The effect of immunization with the same 177-188 BSA conjugate was also tested at day 7 after Mt 
immunization. Also in this situation the arthritis that developed was less severe as compared to the arthritis 
seen in the BSA immunized control rats. The mean arthritis scores at the time of maximal arthritis (day 20) 
was 1 in the group of rats immunized with lOOag and 1.8 in the group Immunized with SOOug, whereas the 
BSA immunized controls had a score of 6. {Each group existed of e* anirnals). 

The following experiment illustrates the immunogenic activity of the unmodified polypeptides of the 
invention. 

In this experiment, arthritis was induced at day 0 in groups of 6 rats by intracutaneous adminisuction of 
1 mg of Mt suspended in 0.1 ml of mineral oil. At day 7 . one group of rats received PBS alone, a second 
group received lOug of the peptide having antigen A amino acid sequence 180-188 solubiiized in PBS. and 
a third group lOOug of the peptide in PBS, ail via the inuavenous route. 

Table 2 shows that the peptide significantly suppresses the development of arthritic symptoms. 
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TABLE 2 



to 



20 



25 



30 



25 



4Q 



immunization i.v. at day +7 with 
180-188 in PBS protects against AA. 



Day 



Mean arthritis score (n ■ 5) after 
immunization with 



PBS alone 



180-188 in PBS i.v. 







lOiig 


lOOug 


14 


5.0 


2.0 


1.2 


16 


6.4 


3.6 


2.8 


20 


10.7 


7,4 


4,4 


22 


12.6 


3.8 


2.0 


24 


9.4 


4.2 


2.4 


27 


6.4 


3.2 


1.8 



The following experiments Illustrate the use of the peptides according to the invention as antigens In 

immunological tests. ^ , . ^ ^ „j bia . 

Sera from 36 juvenile rheumatoid arthritis (JRA) patients v»ere tested in a standard solid phase RIA at a 
dilution of 1:40 and 1:80. For comparison, sera from 15 non-JRA arthrjtis patients, and control sera from 38 
children with other diseases were tested. The JRA patients included lO with poly-RA, 14 with pauc.-RA and 
12 with systemic RA. . • 

Antigens were . m a « <a, ^e-i. 

1. AP. the acetone precipltable fraction of Mycobacterium tuberculosis according to EP-A 0 181 364. 

2. Antigen A: 

3. Peptide having antigen A amino acid sequence 180-188; 

4. Peptide having amino acid sequence TAWALELQ occuring in cartilage proteoglycan protein. 

The tests were canied out as follows: . ,^ , . 

Antigens were coated upon mlcrotitre plates by adding to each well 2.5ag of ^^gen m SOiil of PB^ After 
incubation for two hours at room temperature the wells were washed with PBS, and blocked with l /. 
BSA/PBS. After 30 minutes incubation at room temperature the wells were washed 3 times with PBS and 
sera were added in dilutions 1:40 an 1:80 in 1% BSA/PBS. After incubation for two hours at room 
temperature, and washing 3 times with PBS. 100.000 counts per minute of radioactive iodine labeled goat- 
anti-human immuno-globulin were added to each well. After incubation overnight at 40 C and washing 4 
times with PBS the radioactivity was measured. Reaction was deemed positive when it was at least twice 
the standard deviation above mean of controls. 

The results are given in the following Table 3. 

TABLE 3 



so 



ss 



Antigen 


Sera giving positive reaction with 
antigens {%) 




JRA 


Non-Ji=lA 


Controis 


AP 


72 I 


13' 


0 


Antigen A 


72 


13- 


0 


Antigen A 180-188 peptide 


88 


0 


0 


TAWALELQ 


80 


13* 


0 



knees and eryth ma nodosum. 



.Another way to improve the immunogenicity of the polypeptides according to the invention is to 
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construct, by known genetical engineering methods, microorganisms expressing a f»'yP«P«!J «ff J"; 
He invention eitheV as «ich or as part of a fusion protein or as a mt;t.mer the^"';^ ^-j; 
organisms can be used for the preparation of a live vaccine which will provoke not °" Vj^'' P/^S^ 
antibodies and the development of cellular immunity against the microorganism In questton. but w.11 also be 
useful for the alleviation and treatment of auto-immune diseases. 

These genetically engineered miaoorganisms and pharmaceutical compositions containing these, also 
fomi -part of the invention. Examples of suitable genetically engineered microorganisms are Vaccinia. 
Mvcobacterium bovis BCQ and Salm onella strains. 

- Finally, the inven tion provides kits for performing immunological tests comprising a container with at 
least one of the antigenic compounds discussed above, or a container with «ie diagnostic composition 

'"'"^S'itiSSrtc compounds and diagnostic compositions, as well as the diagnostic kits according to the 
Inventionmay be used for various types of assays, such as: , . „^,!f.„««„. 

a.1 . a lymphocyte proliferation test, or determination of any entity indicative of such proliferation. 

a. 2. indicative of the measure of lymphocyte activation are also changes which can be assayed by 
standard means so as to establish the presence and degree of lymphocyte activation: amongst these there 

may be mentioned: 

a. production of lymphokines (such as inierieukin-2 (lL-2)); 

b. gamma interferon; 

20 c. migration inhibition factor (MIF); ... 

d. expression of membrane markers, such as IL-2 receptor: peanut agglutination receptor 

e. expression of enzymes such as heparanase. 

b, determination of antibody titer in absolute temis or as a ratio of the values obtained by different 
2S compositions, said values or ratios being indicative of the presence or absence of the disease. Quantitative 

values obtained are of use in establishing the severity ot the disease. 

The diagnostic compositions according to the invention may be prepared by combining one or nr^ore 
antigenic compounds according to the invention as above defined with suitable adjuvants and auxiliary 
00 components. Standardized kits with reference and calibration means are of value in . the rapid and 
convenient determination of arthritic disease and its stage and/or severity. 
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Claims 

1. Polypeptide having antigen A amino acid sequence 172-192 of the formula 

.172 .180 188 192 
VITVEESNTFCLgLELTECMR 

as well as polypeptides derived therefrom, in the amino acid sequence of which sequence 172-179 and/or 
sequence 169-192 is (are) entirely or partially absent 

2. Polypeptide according to claim 1 having the amino acid sequence 180-188: 

TFGLQLELT. : wi w 

3. Polypeptide having an amino acid sequence comprising 4-21 amino acid residues, in which 
sequence at least 4 of the amino acid residues are in the same relative position as are the same amino acid 
residues in a polypeptide according to claim 1 or 2. ^. ^ rt«/^«-r 

4. Polypeptide according to claim 3 having the amino acid sequence TAWALELQ. TFGLQPQDT. 
RHNYQLEIJI or RARLQLELS. .... 

5. Compound according to one or more of claims 1-4 coupled to at least one radical enhancing its 

antigenicity and immunogenicity. ^. , i 

. 6. Compounds according to claim 5 in which the radical enhancing the immunogenicity is a radical of a 
peptide, of tetanus toxoid, of diphtheria toxoid, of /J-galactosldase. or of a microbial outer membrane 
protein. 

7. f^ultimers of the compounds according to one or more of clai^ns 1-4. 

8. Micro-organisms expressing a compound according to one or more of claims 1-4. as such or as part 
of a fusion protein or as a multimer. 

9. Miao^rganisms according to claim 8. which are genetically engineered Vaccinia . Mycobacterium 

bovis BOG or Salmonella strains. 

To. Pharmaceuttcat composition, especially a vaccine against auto-immune diseases, especially arthntic 

conditions, comprising a compound according to one or more of claims 1-7. or a micro-organism according 
to claims 8 or 9. 

11. Diagnostic composition comprising a compound according to one or more of claims 1-7. 

12. Kit for performing immunological tests comprising a container with a compound of any one of 
claims 1-7. or with the diagnostic composition according lo claim 11. 
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